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doi:10.1016/j.ejvs.2008.10.004Abstract Objective: To evaluate the efficacy and haemodynamic effects of great saphenous
vein (GSV) sparing surgery e valvuloplasty combined with axial transposition of a competent
tributary vein (A-VACT).
Materials and methods: Eighty-five limbs in 74 patients with isolated GSV incompetence were
selected for GSV sparing surgery. After angiographic valvuloplasty, the competent tributary
vein was exposed and cut 1.5 cm distal to its insertion point on the GSV. The transected vein
was anastomosed end-to-side to the GSV, which was ligated between the tributary insertion
site and the anastomosis. Venous valve competence were screened by serial postoperative
duplex examination, and venous haemodynamic changes were analyzed using venous filling
index (VFI) measured by air plethysmograph pre- and postoperatively. The follow-up period
was 5-years.
Results: Sixty-seven patients were included in whom 76 limbs were treated. There was a statis-
tically significant reduction in the vein diameter at the SFJ after 5-years (0.83 S.D. 0.29 cm to
0.46 S.D. 0.12 cm, pZ 0.0002, Wilcoxon). Similarly, significant reduction was found in the GSV
at the 5-year follow-up point (0.63 S.D. 0.19 cm to 0.39 S.D. 0.11 cm, p< 0.0001, Wilcoxon).
On the other hand, there was significant increase in the diameter of the competent tributary
vein postoperatively (0.22 S.D. 0.13 cm to 0.31 S.D. 0.12 cm, p< 0.0001, Wilcoxon). Duplex
scanning demonstrated reflux at the SFJ in 12 limbs (16%). Similarly, in the GSV, venous reflux
was found in 13 limbs (17%). Reflux in the transposed tributary vein was found in 20 limbs
(26%). But only 7 limbs (9%) had minor varicose veins’ recurrence. VFI remained normal during3353 8111; fax: þ81 3 3225 0940.
u.ac.jp, yamakit@aol.com (T. Yamaki).
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104 T. Yamaki et al.the follow-up examination. The preoperative VFI confirmed the presence of venous reflux, but
there were significant improvement in the VFI values at all postoperative examinations.
Conclusions: A-VACT procedure improves venous function, resolves varicose veins at 5-years
follow-up as well as preserving the GSV for future grafting.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Varicose veins caused by primary valvular insufficiency
(PVI) are the most common manifestation of chronic venous
disease (CVD), and the great saphenous vein (GSV) plays an
important role in the development of both relative early
and advanced CVD.1
Surgical treatment of superficial venous insufficiency
(SVI) includes sapheno-femoral ligation and stripping of the
thigh portion of the GSV; this is currently accepted as the
best type of ablative surgery. More recently, less invasive
endovenous techniques have been used to occlude the GSV
on an outpatient basis, and these have become a popular
treatment option for superficial venous reflux.2e4 On the
other hand, the GSV is the most appropriate vein to use as
a vascular graft, and still remains the conduit of choice for
coronary and lower extremity artery reconstruction.
Therefore, attempts have been made to preserve the GSV
in patients with PVI for future vascular grafting. We have
recently developed a vein sparing option, known as ‘‘val-
vuloplasty combined with axial transposition of a compe-
tent tributary vein’’, for the treatment of GSV
incompetence, and reported preliminary and 18-month
follow-up results.5,6 The aim of this study is to present
comparatively long-term results of haemodynamic changes
in patients who underwent angioscopic valvuloplasty
combined with axial transposition of a competent tributary
vein (A-VACT) using non-invasive vascular imaging
techniques.
Materials and Methods
Patients
Between 1998 and 2001, 83 limbs in 74 patients presenting
with symptomatic, primary isolated GSV incompetence
were selected for a GSV sparing operation in the Depart-
ment of Plastic and Reconstructive Surgery, Tokyo Women’s
Medical University. Selection of patients to undergo the
A-VACT procedure was based on preoperative duplex find-
ings. Patients with preoperative vein diameter at the
sapheno-femoral junction (SFJ) of less than 0.9 cm
combined with a peak reflux velocity of less than 30 cm/s
were included because these patients have a repairable
valve at the SFJ.7 Informed consent for A-VACT procedure
was obtained from all subjects. Exclusion criteria included
patients who had previous varicose veins’ surgery,
advanced symptoms of CVD, deep vein and perforating vein
incompetence, and cardiac failure. Patients presenting
with symptoms of suspected deep vein thrombosis were
screened by compression duplex scanning, and patients
with confirmed deep vein thrombosis were then excluded.The follow-up period was 5 years, and the last patient was
included in January 2001.
Clinical assessment
The preoperative clinical findings in the lower limbs were
categorized according to the CEAP (clinical, etiologic,
anatomic, and pathophysiologic) clinical classification for
reporting standards in venous disease.8,9 Patients’ clinical
findings were classified into varicose veins (CEAP C2),
oedema (C3), pigmentation or eczema (C4a). Patients with
lipodermatosclerosis or atrophie blanche (C4b), patients
with chronic ulcers (C5 and C6) were not included in this
study. The anatomical sites of venous reflux included only
GSV incompetence (As) alone. Clinical signs of the symp-
toms may result from reflux (Pr), obstruction (Po), or both
(Pr,o), however, primary venous dysfunction results from
venous reflux. Thus, they were classified as C2,3,4a, Ep, As,
Pr. Following treatment patients were reviewed after 3
months, 6 months and every 6 months. The presence of
recurrent varicose veins was recorded based on clinical
examination and duplex ultrasonography and air plethys-
mography performed as described below.
Colour duplex scanning
Preoperative venous reflux was evaluated using a colour
duplex ultrasound (LOGIQ 500MD, GE Medical Systems,
Milwaukee, WI, USA) with a 5e10 MHz linear transducer.
Venous reflux was assessed at the SFJ and in the GSV with
the patients in a standing position, using distal manual
compression followed by sudden release.10,11 Venous reflux
was considered to be present when the duration of reflux
was >0.5 s.12 And patients with preoperative vein diameter
at SFJ of less than 0.9 cm combined with the reflux peak
velocity of less than 30 cm/s were selected. The reflux in
the GSV in these patients extended from SFJ to below the
knee level. Preoperative mapping of a tributary vein and its
competence in the mid-thigh region were determined by
duplex ultrasound. A postero-medial or antero-lateral
tributary vein was mainly used for transposition. The
competent valves in these veins may be demonstrated at
their insertion point on GSV using high resolution ultra-
sound.6 Patients with varicose veins affecting these veins
were excluded from the present study. Venous valve
competence and restorability of the valve were screened
by serial postoperative duplex examination. Preoperative
and 5-year postoperative vein diameters at the SFJ, in the
above-knee GSV, and in the transposed tributary vein were
also recorded. Post-operative ultrasound surveillance was
performed 3 months, 6 months and then every 6 months
after the operation.
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Preoperative venous function was evaluated using air
plethysmography (APG Model 1000, ACI Medical Inc., Sun
Valley, CA, USA).13 Because the venous filling index (VFI) is
the most important measure of reflux, only VFI was
measured in this study.14 Abnormal venous reflux was
considered to be present if the VFI was >2.0 ml/s. Subse-
quent APG measurements were performed 3 months,
6 months and every 6 months after the operation.
Operative procedure
The overall operative procedure is shown in Fig. 1. The SFJ
in the groin and the insertion point of competent tributary
vein into the GSV in the thigh were marked preoperatively
using duplex ultrasound. Under spinal or local anaesthesia,
a 1.5 cm groin incision was made to expose the SFJ, and
a 2.8 mm angioscope (AF type 28C, Olympus, Tokyo, Japan)
was inserted via one of the groin tributaries in a retrograde
fashion to investigate the subterminal valvular structure. A
bloodless field was obtained by manually flushing the
normal saline, and external valvuloplasty of the subter-
minal valve was performed under direct vision. Angioscopic
valvular incompetence was classified into three types
and valvuloplasty was applied in valves with type I or
type II.15,16
Type I valves with elongated and atrophic cusps.
Type II valves with expanded and depressed commissures
with cusp damage.
Type III cusps with other deformities.Figure 1 Technical details. (A) Preoperative findings. Note tha
a competent valve is seen in the tributary vein, preventing reflux. (
of a competent tributary vein. A competent venous segment is traPlication of the commissure to shorten the cusps was
performed from the outside of the vein wall using a
7e0 polypropylene suture, after which the vein wall was
wrapped with adjacent fascia to prevent subsequent dila-
tation. The groin tributaries were then ligated and
disconnected.
After valvular competence was achieved, all patients
underwent axial transposition of the competent tributary
vein. A competent tributary vein was exposed at the
previously marked point on the GSV, and was cut 1.5 cm
distal to its insertion point (Fig. 2A). The anterior lateral
thigh vein was used for axial transposition in 37 limbs, and
the posterior medial thigh vein in the remaining 46 limbs.
The distal cut end of the vein was then transposed to the
GSV, and end-to-side anastomosis was performed using
8e0 nylon under magnification (Fig. 2B). The incompetent
GSV was ligated between the insertion point on GSV and
anastomosed point. The competence of transposed tribu-
tary is checked by strip test intraoperatively. The varicose
veins were treated with compression sclerotherapy or
microincision phlebectomy. The varicose tributary veins
were divided at their connection with GSV before scle-
rotherapy. Microincision phlebectomy was performed along
the course of varicose tributary veins.
Statistics
All data were analyzed using StatView for Windows (Version
5.0, SAS Institute Inc., Cary, NC). Values were expressed as
the mean and standard deviation. Wilcoxon’s nonpara-
metric rank sum test were used to estimate differences
between numerical data, and chi-squared contingency
table analysis was used to evaluate differences betweent valve is absent in the GSV, leading to reflux. In contrast,
B) Subterminal valvuloplasty combined with axial transposition
nsposed to the GSV.
Figure 2 (A) Before axial transposition. (B) After axial transposition. Arrow indicates the site of anastomosis.
Figure 3 KaplaneMeier curves showing venous competency
rate after operation.
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tence and success rate was conducted using KaplaneMeier
curves. Values expressed in KaplaneMeier curves were
mean standard error. Statistical significance was defined
as p< 0.05.
Results
At 5 years, seven patients were lost to follow-up, and the
remaining 76 limbs in 67 patients completed 5-year follow-
up study after A-VACT procedure. In 76 limbs, varicose
veins were treated with compression sclerotherapy in 43
patients, and microincision phlebectomy was used in 33
limbs. Patients included in this study were 51 (76%) women
and 16 (24%) men ranging in age from 29 to 79 years (mean:
55 years). There were 46 (60%) limbs with CEAP C2, 11 (15%)
with C3, and 19 (25%) with C4a.
At the 5-year follow-up point, there was a statistically
significant reduction in the vein diameter at the SFJ (0.83
S.D. 0.29 cm to 0.46 S.D. 0.12 cm, pZ 0.0002, Wilcoxon).
Similarly, significant reduction was found in the above-knee
GSV (0.63 S.D. 0.19 cm to 0.39 S.D. 0.11 cm, p< 0.0001,
Wilcoxon). On the other hand, there was significant
increase in the diameter of the competent tributary vein
postoperatively (0.22 S.D. 0.13 cm to 0.31 S.D. 0.12 cm,
p< 0.0001, Wilcoxon).
Venous competence rate after operation is shown in
Fig. 3. At 5-year follow-up point, duplex scanning demon-
strated venous competence at the SFJ in 64 limbs (84%).
Similarly, in the GSV, venous competence was found in 63
limbs (83%). Venous competence in the transposed tribu-
tary vein was found in 56 limbs (74%). Seven patients (9%)
had minor recurrent varicose veins which were treated with
compression sclerotherapy, and the proportion of recur-
rence-free patients at 5-year follow-up point was 91%.
(Fig. 4).
The preoperative VFI showed gravitational reflux (4.26
S.D. 1.89 mL/s). The mean values of postoperative VFI were
less than 1.7 mL/s which was maintained at each exami-
nation during the follow-up period.
Regarding complications of the A-VACT procedure, there
were no bleeding complications including ecchymosis and
haematoma. There were no serious thromboembolic
complications including superficial thrombophlebitis, deep
vein thrombosis and pulmonary embolism. One patient had
a persistent lymphatic leak in the mid-thigh region,however, this complication spontaneously subsided within
1 month with no subsequent infection. Proximal GSV
occlusion was found in 2 limbs (3%), therefore, GSV was
preserved in 97% of the limbs.
Discussion
The GSV sparing operation has several advantages over
the saphenous vein stripping operation. This technique
preserves a satisfactory vascular graft should the patient
subsequently require cardiovascular or peripheral vascular
reconstruction. Although, axial deep collateral and pro-
funda transformation are more important, fewer compli-
cations would arise if the GSV is preserved in case of deep
vein thrombosis.17
The use of prosthetic conduit grafts for femoro-popliteal
bypass or percutaneous transluminal angioplasty and stent
graft for ilio-femoral artery occlusion has been moderately
successful.18e20 However, the patency rates of prosthetic
grafts below the knee level have seen found to be inferior
to that of autologous grafts in the majority of studies. The
effectiveness and durability of the femorodistal saphenous
vein bypass procedure for both limb salvage and claudica-
tion is well established,21,22 and the five-year secondary
patency rate for grafts to both popliteal and infrapopliteal
levels has reached 76%.23 More recently, minimally invasive
endovascular-assisted in situ bypass grafting avoids lengthy
Figure 4 KaplaneMeier curves showing recurrence-free rate
after operation.
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cost.24,25
The patency of a saphenous vein bypass is closely asso-
ciated with the quality of the vein, and pre-operative
angioscopic inspection of the GSV provides direct visuali-
zation of diseased segments of the vein. Sales et al. found
that 71% of GSVs with a grossly normal appearance were
classified as angioscopically normal, while 29% were
abnormal.26 Wilson et al. reported that pre-existing intra-
luminal abnormalities correlated well with graft patency,
and that endothelial loss caused by angioscopy did not
stimulate neointimal hyperplasia in vitro.27 Furthermore,
Moody et al. and Davies et al. found no association between
the sites of valves, tributaries, clamps or venotomies and
the sites of subsequent graft stenosis.28,29 Therefore, val-
vuloplasty and venovenous anastomosis may not decrease
vein quality, and patients with pre-existing intimal abnor-
malities could be excluded from this procedure by angio-
scopic inspection.
The indications for GSV sparing operation are essential
to proper selection of the patients. According to the
background of the patients, those who have possible angina
pectoris and lower limb arterial occlusive disease would be
relevant to the choice of valvuloplasty. But according to the
valvular structure, the presence of a repairable valve is
a minimal requirement. Corcos et al. performed morpho-
logic and functional examination of the SFJ valve and in the
proximal GSV, and concluded that preoperative ultrasound
imaging of the venous valve does not appear sufficiency
predictive when compared with histological and angio-
scopic examinations.30 Hoshino et al. inspected diseased
valves under direct vision, constructing a classification
system for angioscopic valvular insufficiency, identified
type I and II as most appropriate for valvuloplasty.15 Yamaki
et al. compared the pre-operative duplex-derived param-
eters with the intraoperative angioscopic valvular struc-
tures and found that the preoperative vein diameter at the
SFJ of less than 0.9 cm combined with the reflux peak
velocity of less than 30 cm/s is predictive for the presence
of the repairable valve with the sensitivity of 90%, the
specificity of 67%, and the positive predictive value of 78%.7
Therefore, patients who have the preoperative vein diam-
eter of less than 0.9 cm combined with the reflux peak
velocity of less than 30 cm/s are considered to be suitablefor A-VACT candidates. No patient requires revision to
a stripping operation during any A-VACT procedure in this
study.
The advantage of this method is that it reduces varicose
vein recurrence as well as preserving better bypass mate-
rials for future grafting. Compared to high flush ligation of
the SFJ for preservation of the GSV, this method minimizes
the development of GSV thrombophlebitis which leads to
valvular incompetence in the course of follow-up.
Furthermore, the varicose vein recurrence rate is much
lower than valvuloplasty alone.6 The possible explanation
for low recurrence rate of A-VACT is that transposed vein
valve can avoid developing reflux in the GSV.
Our study also has potential limitations. We did not
perform any histological examination of the spared GSV to
confirm the quality of the vein because we did not study
any patient in whom the preserved GSV was utilized for
bypass grafting. However, the preserved GSV diameter of
3.9 mm may be too small to use as a bypass graft. Moreover,
increase of the diameter in the tributary vein would also
decrease vein graft quality. Although validation study is
required, we believe A-VACT should be a better GSV sparing
method alternative.
In conclusion, A-VACT continues to demonstrate
significant haemodynamic improvement at the 5-year
follow-up point. The APG-derived VFI continues to be
normal. Recurrent varicose veins were found in only 9% of
the patients. Based on our results, future grafting is
feasible using the preserved GSV in 97% of the limbs.
Although a much longer follow-up study is required to
confirm validity and efficacy of this treatment option for
superficial venous insufficiency, the A-VACT procedure
improves venous function, resolves varicose veins at
5-year follow-up as well as preserving the GSV for future
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